Introduction
Increased Myc gene expression is oncogenic in a number of animal cancer models (Henriksson and Luscher, 1996) , and is commonly involved in many human cancers including breast, lung, and prostate cancer, and Burkitt's lymphoma (Nesbit et al., 1999) . The Myc transcription factor controls cell functions such as proliferation, differentiation, and apoptosis, through activation or repression of the transcription of a number of target genes . Myc-regulated genes include those involved in cell cycle and growth regulation, metabolism, and angiogenesis (Coller et al., 2000; Neiman et al., 2001) . Although much is known about the effects of normal and abnormal Myc expression, it is still not clear which Myc functions are critical for tumorigenesis. One Myc function that is thought to be important is its ability to induce cell growth and proliferation, by influencing the expression of cell cycle regulatory genes. Myc overexpression can also inhibit differentiation, perhaps through its ability to block cell cycle exit (Henriksson and Luscher, 1996) . Myc can also sensitize cells to apoptosis (Neiman, 1994) , and effectively induces blood vessel growth in a variety of tumor models (Pelengaris et al., 1999; Brandvold et al., 2000; Ngo et al., 2000) .
We used an avian model of lymphomagenesis to characterize the effects of Myc overexpression at early stages of tumor formation. Avian leukosis virus (ALV) is a retrovirus that induces bursal lymphomas in lymphoma-susceptible chicken strains, after proviral integration within the c-myc gene increases Myc expression (Hayward et al., 1981; Ewert and deBoer, 1988) . Several transformed follicles arise among the 10 000 bursal follicles within weeks after infection, which are derived by clonal expansion from a single progenitor carrying a proviral c-myc gene integration (Ewert and deBoer, 1988) . These transformed follicles are filled with Myc-overexpressing lymphocytes, and they can be identified by their differential staining with methyl green pyronin (MGP), which indicates their increased ribosome content (Cooper et al., 1968) . These follicles grow much more rapidly than normal, and form metastatic lymphomas after several months. Transformed follicles are easily localized by serial sectioning and MGP staining, allowing analysis of the earliest stages of tumor induction by Myc.
An immunohistochemical approach was used to determine why Myc-transformed follicles grow more rapidly than normal in lymphoma-susceptible birds. We found that the major alteration driving transformed follicle growth is the ability of Myc to block differentiation at an embryonic stage . This developmental block fuels the rapid growth of transformed follicles, as the normal program of posthatching bursal emigration to the periphery is prevented, so that Myc-expressing lymphocytes accumulate within transformed follicles. Surprisingly, Myc overexpression had little effect on the already high rates of proliferation and apoptosis in Myc-transformed follicles. These findings suggest that the ability of Myc to block differentiation makes an important contribution to lymphomagenesis.
While most chicken strains are susceptible to ALVinduced lymphoma, some strains have been developed that are resistant to these tumors. Tumor resistance is mediated by the target lymphocytes, as B-lymphocytes from lymphoma-susceptible birds readily form lymphomas after transplantation into ALV-infected resistant birds (Purchase et al., 1979) . Resistance arises at a step subsequent to viral infection, as the resistant FP and Line 6 3 strains show levels of ALV infection and integration similar to those of susceptible strains (Fung et al., 1982; Baba and Humphries, 1984) . We developed a PCR assay to monitor the appearance of proviral Myc gene integrations in cells from susceptible and resistant birds. Cells carrying proviral c-myc gene integrations arose in several tissues, but preferentially expanded only within the bursa of susceptible birds (Gong et al., 1998) . In resistant birds, lymphocytes carrying proviral c-myc gene integrations arose at early stage, but most failed to expand significantly within the bursa (Bird et al., 1999) . This is in good agreement with the finding that a number of MGP-positive transformed follicles arise in susceptible birds, while they are rarely observed in resistant FP strain chickens (Baba and Humphries, 1985) . These findings suggest that resistance to ALV lymphoma occurs at a step subsequent to proviral integration within the c-myc gene. Our analysis of Myc-induced transformed follicles indicates that this resistance is mediated by reduced LTR-driven Myc expression in lymphoma-resistant Line 6 3 birds.
Results

LTR-driven Myc expression is reduced in transformed follicles from resistant birds
We performed immunohistochemical analysis of the transformed follicles that do arise in ALV-infected resistant Line 6 3 birds to determine why lymphocytes carrying proviral c-myc gene integrations fail to grow and form tumors. Bursas from 35-day-old birds (infected with ALV as embryos) were cryosectioned and assayed at 250 mm intervals by Myc immunostaining and by MGP histological staining. This approach allowed sampling of nearly all follicles throughout each bursa. Occasional Myc-expressing bursal follicles were identified in resistant birds, which also consistently differentially stained pink with MGP, relative to the surrounding purple-stained normal follicles (Figure 1a ). This indicates that the lymphocytes in transformed follicles that do arise in resistant birds develop increased ribonucleoprotein content, as was previously observed in transformed follicles from susceptible birds (Cooper et al., 1968) . However, the transformed follicles of resistant birds usually do not grow much larger than normal, while those of susceptible birds grow two to four times larger (average 28-fold increase in volume) by 35 days of age . We detected on average only one transformed follicle per bursa in resistant Line 6 3 birds versus 17 per bursa in Line 15I 5 Â 7 susceptible birds at 35 days of age (Table 1) .
Immunostaining analysis of Myc protein levels in MGP-positive transformed follicles of resistant birds revealed a very different expression pattern than that observed in susceptible birds. Myc expression was visibly increased in transformed follicles of resistant birds relative to surrounding normal follicles, while Myc expression was strongly increased in transformed follicles of susceptible birds (Figure 1b) . At high magnification, 60-100% of the lymphocytes of resistant transformed follicles showed increased nuclear Myc immunostaining (Figure 1c ) relative to the undetectable expression in normal follicle lymphocytes (Figure 1d) . In contrast, all of the lymphocytes of susceptible transformed follicles consistently showed strong nuclear Myc immunostaining (Figure 1c ), as described previously ). Since only a few stem cells populate each bursal follicle, this suggests that Mycexpressing progenitors are unable to overgrow other progenitors in at least some transformed follicles from resistant birds, whereas Myc-overexpressing progenitors clonally expand to fill transformed follicles from susceptible birds. Moreover, the surprising finding that Myc levels are lower in resistant transformed follicles suggests that Myc gene expression is somehow compromised in Line 6 3 birds.
Transformed follicles from resistant birds undergo normal development and blood vessel growth Transformed follicle lymphocytes from susceptible birds consistently show high-level Myc expression, and demonstrate a strong block to B-cell differentiation, so that they fail to progress beyond an embryonic stage of development . We used a panel of monoclonal antibody markers of B-cell differentiation (Olson and Ewert, 1990; Masteller et al., 1995) to determine whether increased Myc expression also blocks B-cell development in resistant transformed follicles. The Sialyl Lewis X antigen is expressed on bursal lymphocytes only from day 12 to 15 of embryogenesis, the CB11 surface marker is expressed from day 16 to 20 of embryogenesis, the Hy86b5 marker from day 12 to 20, CB7 after day 16, and Lewis X after day 15 of embryogenesis (Table 2 ). Therefore at 35 days of age normal follicles express CB7 and Lewis X, but not Sialyl Lewis X, CB11, or Hy86b5, while transformed follicles from susceptible birds are positive for CB7, Lewis X, CB11, and Hy86b5 . Most resistant transformed follicles showed negative CB11 or c Myc expression is modestly increased in resistant transformed follicles (+), while it is strongly increased in susceptible transformed follicles (+++), as determined by immunostaining.
d Proliferation rate is similar (+) in transformed and normal follicles from resistant and susceptible birds, as determined by BrdU incorporation and immunohistochemistry. e Rate of apoptosis is similar (+) in transformed and normal follicles from eight pairs of resistant and susceptible birds , as determined by TUNEL immunostaining assay. f Vasculature of resistant transformed follicles is normal (+), while that of susceptible transformed follicles ) is increased and enlarged (+++).
g Posthatching B-cell differentiation is normal (+) in resistant transformed follicles, while it is blocked (À) in susceptible transformed follicles, as determined by immunostaining with developmental markers.
h Posthatching bursal emigration is normal (+) in resistant transformed follicles, while it is blocked (À) in susceptible transformed follicles, as determined by pulse-chase BrdU labeling and immunohistochemistry 
a Normal developmental expression of each marker was determined by immunohistochemistry . The CB7 antigen is normally restricted to the medulla of bursal follicles (Olson and Ewert, 1990). Most resistant transformed follicles showed CB7 expression restricted to the medulla (Figure 2c) , although a few did show weak cortical CB7 expression (data not shown). In contrast, transformed follicles from susceptible birds exhibited strong CB7 expression throughout the cortex and medulla, indicating that differentiation of these compartments is not achieved . The Lewis X antigen, which is also restricted to the medulla of normal follicles, also showed normal posthatching expression in the medulla of resistant transformed follicles, while it was expressed throughout susceptible transformed follicles (data not shown). Taken together, these results indicate that increased Myc expression in resistant transformed follicles generally fails to block B-cell differentiation, so that most transformed follicles develop a distinct cortex and medulla featuring a normal posthatching pattern of surface marker expression (Table 2) .
Transformed follicles from susceptible birds reliably show rapid growth and enlargement of blood vessels (Brandvold et al., 2000) , which presumably supports the rapid growth of these follicles. von Willebrand factor (vWF) immunostaining of the vasculature showed a normal pattern of small capillaries in the corticomedullary junction in resistant transformed follicles, in contrast to the enlarged and abnormal vessels of susceptible transformed follicles (Figure 2d ). In 12 resistant transformed follicles examined, only two showed a slightly abnormal vasculature. These findings indicate that the lower level of Myc overexpression in resistant transformed follicles is not sufficient to induce an angiogenic phenotype.
Normal growth of transformed follicles in resistant birds
Transformed follicles grow much more rapidly than normal follicles in lymphoma-susceptible birds (Cooper et al., 1968) . This growth does not involve Myc-induced proliferation, as normal bursal lymphocytes already divide vigorously, and their proliferation is not significantly increased by Myc overexpression . Instead, susceptible transformed follicles grow much larger than normal because B-cell differentiation is blocked at an embryonic stage, so that the normal program of posthatching bursal emigration does not take place. Transformed follicle lymphocytes from resistant birds show normal posthatching B-cell differentiation, and resistant transformed follicles usually do not grow larger than normal, suggesting that these cells undergo normal bursal emigration. It is also possible that the lower level of Myc expression reduces proliferation of transformed follicle lymphocytes in resistant birds, so that the transformed follicles fail to grow faster than normal.
Proliferation was assessed in transformed and normal follicle lymphocytes by pulse-labeling ALV-infected 35-day-old resistant birds with BrdU for 30 min, followed by immunohistochemical staining for BrdU incorporation (Paramithiotis and Ratcliffe, 1994; Brandvold et al., 2001) . Transformed follicle lymphocytes showed a similar rate of BrdU incorporation as adjacent normal follicle lymphocytes (Figure 3a ). This was quantitated by counting BrdU-positive lymphocytes in 500 mm 2 fields in the cortex and medulla of adjacent transformed versus normal follicles of 10 birds. The ratio of BrdUlabeled lymphocytes was similar in the cortex of resistant transformed versus normal lymphocytes, while medullary lymphocytes of transformed follicles proliferated at twice the normal rate (Figure 4a ). Medullary lymphocytes normally show less proliferation than cortical lymphocytes (Paramithiotis and Ratcliffe, 1994) , so that Myc overexpression may have a small proliferative effect in this compartment in transformed follicles . However, the cortex accounts for most of the volume of bursal follicles, so that this modest increase in medullary proliferation would make a minor contribution to transformed follicle growth. Analysis of the ratio of proliferating lymphocytes in adjacent transformed versus normal follicle lymphocytes of susceptible birds demonstrated a similar small effect of Myc on proliferation in the medulla, and no effect in the cortex (Figure 4a ). These findings indicate that Myc exerts similar modest effects on proliferation in the medulla of transformed follicles of resistant and susceptible transformed follicles, which would not significantly influence the rate of transformed follicle growth. A pulse-chase-labeling assay was used to measure the effects of Myc on posthatching emigration of transformed follicle lymphocytes. ALV-infected resistant birds were pulse labeled with BrdU, followed by an 8 h thymidine chase . Bursal lymphocytes divide rapidly and also emigrate from the bursa after hatching, so that most BrdU pulse-chaselabeled lymphocytes are not retained within normal follicles (Paramithiotis and Ratcliffe, 1994; Brandvold et al., 2001) . Resistant birds that were pulse-chase labeled showed similar retention of BrdU-labeled lymphocytes in the cortex and medulla of transformed and normal follicles (Figure 3b) , suggesting that the lymphocytes of resistant transformed follicles emigrate normally. BrdU-labeled lymphocytes were counted in 500 mm 2 field, and the ratio of labeled lymphocytes in adjacent transformed versus normal follicles was calculated. The ratio was 1-2 in the cortex or medulla (Figure 4b ), indicating that lymphocytes emigrate at a similar rate in resistant transformed and normal follicles. In contrast, the ratio was 7-8 in transformed versus normal follicles from susceptible birds (Figure 4b ), indicating strong retention of labeled lymphocytes in susceptible transformed follicles. These findings indicate that posthatching transformed follicle lymphocytes emigrate to the periphery at a normal rate in resistant birds, in contrast to the strong block to bursal emigration observed in susceptible birds. This posthatching pattern of bursal emigration accounts for the normal growth rate of resistant transformed follicles.
Exogenous Myc induces transformed follicles in resistant birds
Our finding that ALV LTR-enhanced c-myc gene expression is reduced in resistant transformed follicles suggests that bursal lymphocytes from resistant birds may not tolerate high Myc expression, so that cells harboring c-myc gene integrations driving high-level Myc transcription fail to overgrow and form transformed follicles. This hypothesis was examined by infecting resistant and susceptible embryos with the HB1 retrovirus, which expresses a c-myc gene at very high levels from the ring neck pheasant virus LTR (Enrietto et al., 1983) . Follicles containing Myc-overexpressing lymphocytes were identified with similar frequency in resistant and susceptible birds, in seven (Figure 5 ), while another two pairs contained more than 10% Myc-positive follicles (data not shown). Birds infected with this replication-competent virus became ill, so that they could not be monitored for longer periods to determine whether these transformed follicles form lymphomas in resistant birds. However, these findings indicate that lymphocytes of resistant birds can tolerate high Myc expression, when Myc transcription is driven by a very different viral LTR.
Endogenous c-myc gene expression is the same in resistant and susceptible bursal lymphocytes
The finding that transformed follicles from ALVinfected resistant birds show reduced LTR-driven Myc expression was surprising, as resistant or susceptible bursal lymphocytes show levels of viral infection and integration similar to those of susceptible birds. (Fung et al., 1982) . This reduced ALV LTR-driven Myc expression could be due to a mutation in the endogenous c-myc gene of resistant birds. However, we found that the endogenous c-myc gene coding sequences of three pairs of resistant and susceptible birds were the same by DNA sequencing (data not shown).
Immunoblotting analysis was used to determine whether a noncoding mutation in other regions of the Myc gene could influence Myc protein expression in resistant birds. Endogenous Myc protein levels were similar in bursal lymphocytes purified from individual 35-day-old susceptible or resistant birds (Figure 6 ). The lymphocytes of resistant and susceptible birds are actively dividing at the same rate, as determined by BrdU incorporation (Figure 4b ). These findings indicate that the level of Myc expression is normal in proliferating bursal lymphocytes from resistant birds, and that a mutation in the c-myc gene probably does not account for the reduced Myc expression observed in transformed follicles from ALV-infected resistant birds. Instead, the reduced Myc expression observed in resistant birds may be due to a defect in LTR-enhanced transcription of the endogenous c-myc gene. Figure 5 Exogenous Myc overexpression produces bursal follicles filled with Myc-overexpressing lymphocytes in resistant and susceptible birds. Day 10 embryos were infected with the HB1 virus by chorioallantoic artery injection. Myc immunostaining of bursal cryosections from 10-day-old birds shows follicles filled with Myc-expressing lymphocytes (arrow), and follicles that do not contain significant numbers of Myc-expressing lymphocytes (arrowhead) in resistant or susceptible birds, at Â 200 magnification. Scale bar 100 mm Figure 6 Endogenous Myc protein expression is the same in susceptible and resistant birds. Lysates of bursal lymphocytes from individual resistant and susceptible birds were immunoblotted with Myc antisera, followed by reblotting with actin antisera, as a loading control. The 64 kDa Myc protein is expressed at similar levels in both strains
Discussion
Analysis of the mechanism of resistance of Line 6 3 birds to ALV-induced lymphoma yielded the unexpected finding that proviral LTR-driven Myc expression is greatly reduced within resistant transformed follicles. ALV infection of lymphoma-susceptible chicken strains readily produces many transformed follicles, which show high Myc expression . However, transformed follicles arise at a much lower frequency in lymphoma-resistant strains. These follicles contain lymphocytes expressing proviral LTR-driven Myc at levels higher than normal, but reduced relative to transformed follicles from susceptible birds. Moreover, while transformed follicles from susceptible birds grow much more rapidly than normal, transformed follicles from resistant birds generally do not grow larger than normal. These findings are in good agreement with our previous observations using a PCR assay to monitor the expansion of lymphocytes with proviral c-myc gene integrations (Bird et al., 1999) . Clones carrying distinct proviral c-myc gene integrations arise at a similar frequency in bursas from resistant and susceptible embryos. While the number and abundance of cells with proviral c-myc gene integrations increases continuously after hatching of susceptible birds, cells carrying these integrations expand much more slowly in resistant birds.
Our finding that proviral c-myc gene expression is reduced in resistant birds is the likely cause of the inhibition of transformed follicle formation and growth in this strain. The failure to detect transformed follicles expressing high Myc levels could potentially reflect a toxic effect of Myc overexpression in resistant birds. This seems unlikely though, as the transformed follicles that do arise show normal rates of apoptosis (Table 2) by immunohistochemical TUNEL assay (Gavrieli et al., 1992) . Moreover, provision of high-level Myc expression by infection of resistant embryos with the HB1-Myc virus induces transformed follicles, indicating that exogenously provided Myc is tolerated by resistant lymphocytes. These findings suggest that the defect in Myc expression may instead involve decreased c-myc gene expression, or reduced proviral LTR-enhanced transcription of the endogenous c-myc gene. The genomic sequences encoding the c-myc gene were found to be the same in susceptible and resistant birds, and endogenous Myc protein expression was similar in bursal lymphocytes from these strains. Thus the defect in ALV LTR-enhanced Myc expression in resistant transformed follicles is probably not due to an alteration in endogenous c-myc gene expression.
The alternative possibility that proviral transcription of the endogenous c-myc gene is defective was surprising, as resistant and susceptible birds show similar overall levels of viral infection and integration (Fung et al., 1982) . Moreover, the proviral c-myc gene integrations that arise are similarly located within exon 1 and intron 1 of the c-myc gene in ALVinfected resistant and susceptible birds (Bird et al., 1999) , supporting the idea that LTR-enhanced Myc transcription should be the same in both strains. However, one aspect of LTR-enhanced transcription does differ between resistant and susceptible birds, which could potentially influence the level of Myc production. LTR-enhanced transcription is labile (sensitive to protein synthesis inhibition) in immature bursal lymphocytes and progenitors of susceptible birds before 2 weeks of age, while it is stable (unaffected by protein synthesis inhibition) in mature lymphocytes (Ruddell et al., 1988) . In contrast, LTR-enhanced transcription is stable at all stages of B-cell development in resistant birds, suggesting that the transcription factors mediating LTR-enhanced transcription are differentially regulated during B-cell development in resistant and susceptible birds. The lability of LTR-enhanced transcription in immature bursal lymphocytes correlates with the agedependent susceptibility of birds to ALV-induced lymphomas before 2 weeks of age (Maas et al., 1982) . This suggests that stable LTR-enhanced transcription in the immature bursal target cells of resistant birds could produce the observed lower levels of Myc expression, which fail to promote effectively the growth of transformed follicles. In susceptible birds, labile LTRenhanced Myc transcription in immature bursal lymphocytes could drive higher Myc expression, which would continue in transformed follicles of older birds due to the Myc-induced differentiation block, and a continuing program of labile LTR-enhanced transcription in these target cells. ALV LTR-enhanced transcription in B cells is regulated by the NF-kB factor RelA, which indirectly binds to the LTR enhancer by interacting with the VBP and C/EBPg leucine zipper DNA-binding proteins (Bowers et al., 1996; Curristin et al., 1997) . Developmental alterations in one or more of these factors could mediate the labile or stable programs of LTR-enhanced Myc transcription to influence susceptibility or resistance to ALV-induced lymphomas.
Line 6 3 birds are also resistant to bursal lymphomas induced by the avian retrovirus reticuloendotheliosis virus (REV), and to thymic lymphomas induced by the Marek's disease herpesvirus. The overall levels of virus infection are similar in REV-infected susceptible and resistant birds (Fadly and Witter, 1986) , while Marek's virus infection is reduced in resistant Line 6 3 birds (Lee et al., 1981) . A viral transcription defect could potentially also be involved in resistance to tumor induction by these viruses.
The low and variable LTR-enhanced Myc expression observed in ALV-infected resistant transformed follicles yields a very different fate than that observed in the high Myc-expressing transformed follicles of susceptible birds (summarized in Table 1 ). In susceptible birds, high Myc expression consistently blocks development of bursal lymphocytes at a late embryo stage, so that posthatching emigration from the bursa is prevented . The resulting accumulation of lymphocytes drives the rapid expansion of these transformed follicles. Transformed follicles arising in resistant birds differentiate partially or completely to a posthatching stage, and undergo normal posthatching emigration from the bursa, so that they usually do not grow larger than normal follicles. These findings indicate that the major consequence of reduced Myc overexpression in resistant transformed follicles is the failure to block B-cell differentiation and posthatching emigration to the periphery. In addition, the lower level of Myc overexpression in resistant transformed follicles is not sufficient to induce an angiogenic phenotype to provide blood vessels to support the growth of transformed follicles.
The ability of high-level Myc expression to block differentiation may be a critical function for the formation of Myc-transformed follicles. This is the most prominent Myc-induced alteration in susceptible transformed follicles, while differentiation and bursal emigration are normal in resistant transformed follicles (Table 1) . Blocked differentiation is also observed in Blymphocytes from Em-c-myc transgenic mice prior to the formation of lymphomas (Iritani and Eisenman, 1999) , and in Myc-expressing keratinocytes of transgenic mice (Pelengaris et al., 1999) . Tumors formed by T-lymphocytes or keratinocytes conditionally expressing Myc in transgenic mice show proliferation and blocked differentiation, accompanied by blood vessel growth (Felsher and Bishop, 1999; Pelengaris et al., 1999) . Reversal of tumor induction by Myc shutoff resulted in a cessation of proliferation and the resumption of differentiation, followed by apoptosis, blood vessel degeneration, and tumor regression. Blocked differentiation could promote proliferation and local accumulation of Mycexpressing tumor cells, so that they can induce angiogenesis or other stromal alterations required for tumor formation. Increased Myc expression is commonly observed in human cancers (Nesbit et al., 1999) , which could be selected at least in part for its ability to block cell differentiation.
Materials and methods
Virus infection of embryos
Day 10 lymphoma-resistant Line 6 3 or lymphoma-susceptible Line 15I 5 Â 7 1 (USDA Poultry Research Laboratory; East Lansing, MI, USA) embryos were infected with RAV-1 strain ALV (USDA Poultry Research Laboratory) or with HB1 retrovirus (Enrietto et al. , 1983) by injection into a chorioallantoic artery (Gong et al., 1998) . Bursas from 10-or 35-day-old birds were frozen on dry ice in OCT (Sakura Finetek Inc., USA), and serial cryosections were sampled every 50 or 250 mm, respectively. Test sections from each sample set were fixed in Carnoys solution, and stained with MGP (Sigma) to identify sets containing transformed follicles.
Immunohistochemical analysis
MGP staining and Myc immunostaining were used to identify transformed follicles in adjacent sections of each sample set. Cryosections were immunostained with antisera as described previously (Brandvold et al., 2000 . The Myc antisera was generously provided by R Eisenmann (Hann and Eisenman, 1984) , the CB7, CB11, and Hy86b5 antisera were provided by D Ewert (Olson and Ewert, 1990) , and sialyl Lewis X, Lewis X, and vWF antisera were obtained from Dako. Vector Black (Vector Laboratories) was used for immunodetection, followed by methyl green counterstaining.
Pulse-chase analysis of proliferation and bursal emigration Dividing lymphocytes from 35-day-old ALV-infected birds were pulse-labeled for 30 min after intraperitoneal injection of BrdU, as described previously . For pulse-chase experiments, birds were injected intraperiotoneally with BrdU, and then with thymidine after 30 min and at 2 h intervals until being killed at 8 h (Paramithiotis and Ratcliffe, 1994) . Methanol-fixed cryosections were stained with antiBrdU antisera (Boehringer Mannheim) with DAB-Nickel immunodetection and hematoxylin counterstaining. The number of BrdU-positive nuclei were measured in transformed and normal follicles, by counting four evenly spaced 500 mm 2 fields across each follicle, at Â 400 magnification. The ratio of BrdU-labeled cells in transformed versus normal follicles was calculated using adjacent pairs of follicles counted in the same section, from 10 birds in each experiment.
c-myc gene sequencing and immunoblotting
Genomic DNA was purified from resistant or susceptible bursas by proteinase K digestion and phenol extraction (Gong et al., 1998) . The coding regions of the c-myc gene were amplified by Expand High Fidelity PCR (Roche), using primers spanning exon 1, 2, or 3 of the c-myc gene. PCR products were subcloned into pGEM-TE (Promega), which were then used as templates in automated sequencing reactions (ABI).
Bursal lymphocytes were purified from minced and homogenized bursas of individual 35-day-old resistant or susceptible birds by centrifugation through Ficoll-Paque, as described previously (Ruddell et al., 1988) . Cell lysates (20 mg) were immunoblotted with Myc antisera (Hann and Eisenman, 1984 ). Blots were stripped and then reprobed with actin antisera (Sigma) to confirm equal protein loading.
